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Abstract
Type 2 diabetes (T2D) is a potentially life threatening metabolic disease
characterized by insulin resistance and inability to metabolize glucose (Meneilly & Elliott
1999). According to the American Diabetes Association (ADA, 2013), diabetes played a
contributing role in 231,404 deaths in 2007 alone. Because of this, researchers strive to
develop the best methods of managing diabetes. Physical activity has been shown to
improve glucose control by reducing insulin resistance and reducing body fat (Bacchi et
al., 2012). Recent data from DiPietro et al. (2013) indicated that multiple bouts of
exercise may be favorable over one continuous bout in managing blood glucose. In this
pilot study three adults recently diagnosed with T2D, were asked to perform three testing
conditions in random order. The control condition consisted of the subjects remaining
sedentary over the testing days. The 15-minute testing condition consisted of the subjects
aerobically walking for a period of three 15-minute bouts 30 minutes after each meal.
Finally, subjects also walked in one 45-minute continuous bout at least 2 hours after their
most recent meal. The results of this pilot study indicated that three 15-minute bouts may
be more favorable for blood glucose control and be a more acceptable walking protocol
for all subjects. Benefits from increased physical activity were seen immediately and
were shown to be cumulative in 66% of tests. Aerobic exercise was shown to reduce
postprandial (post-meal) insulin levels in 100% of subjects; the effect was shown to be
66% more effective if done in three 15-minute bouts 30 minutes after each meal when
compared to a single 45-minute bout of exercise.
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Chapter 1
Introduction
Type 2 diabetes (T2D) is a potentially life threatening metabolic disease
characterized by insulin resistance (Meneilly & Elliott 1999). As a result, the body is
unable to breakdown glucose, the main fuel source for the body. According to the
American Diabetes Association (ADA, 2013), diabetes played a contributing role in
231,404 deaths in 2007 alone. Because of this, researchers strive to develop the best
methods of managing diabetes. Aerobic and resistance training have been used to help
manage T2D. Physical activity is extremely important in the prevention and treatment of
T2D. Physical activity has been shown to improve glucose control by reducing insulin
resistance and reducing body fat (Bacchi et al., 2012). Benefits from increased physical
activity are seen immediately and are cumulative. Aerobic exercise can be used to reduce
postprandial insulin levels, if done during a sustained bout of exercise or broken up into
multiple bouts as demonstrated by DiPietro, Gribok, Stevens, Hamm, Rumpler (2013).
Because the effect of exercise is cumulative, people who are obese and who cannot walk
for 45 minutes at one time can take several small walks throughout the day to achieve the
same or better results.
Aerobic exercise has two beneficial properties for people with T2D. The first
benefit is that it temporarily reduces insulin resistance, and second it lowers blood
glucose (BG) in the absence of effective insulin action. Therefore, aerobic exercise has
the potential of being a powerful “medicine” in the self-treatment by those with T2D. The
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biggest barrier to the use of aerobic exercise in the management of T2D is compliance.
Consequently, it is important to be able to identify the minimal, most palatable and most
effective “dose” of this intervention to optimize its routine use. The purpose of this study
was to determine the best application of aerobic exercise for the treatment of T2D. The
goal was to find out if prolonged exercise is just as effective as intermittent bouts and
which is more enjoyable for the participant. Will one method be more likely to be
conducted by the subject after the experiment is over?
Statement of the Problem
It is clear that aerobic exercise is essential for individuals with T2D. The World
Health Organization (WHO, 2013) recommends that adults participate in 150 minutes of
moderate intensity aerobic exercise a week. For people with T2D this can be very
intimidating and may lead to anxiety and avoidance. It is important to determine the most
effective method of means of implementing aerobic exercise into the lives of people
dealing with T2D.
Significance
While it was presumed that aerobic walking was reduced BG, the magnitude of
this effect among adults with recently diagnosed T2D is not known. To know this, if
substantial, could be a significant “selling point” to promote its routine performance.
Further, to know if its effected is similar or different when performed in a single block or
post-prandially were important to guide clinicians in their recommendations to patients. If
post-prandial exercise leads to significantly lower 2-hour post-prandial BG, then
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theoretically this would have significant benefit in terms of lowering risk of future
cardiovascular disease. However, knowing which format of physical activity led to lower
BG is not the same as knowing which was more palatable to patients and which was more
likely to be performed. Given that some routine aerobic walking is better than none,
regardless of its different benefits, was important for clinicians to consider when
prescribing a physical activity program. Being able to lower mean BG, and thus
glycosylated hemoglobin in a sustained, safe and satisfying manner has the potential of
preventing/diminishing the long-term complications of diabetes and improving the
quality of life of these individuals.
Hypotheses
The following hypotheses were postulated:
1. Forty-five minutes of brisk walking in the living and working daily environment
was more effective than no moderate physical activity in terms of lowering
overall BG levels.
2. Compared to a 45-minute block of brisk walking, three 15-minutes of postprandial brisk walking would result in lower post-prandial BG, a presumed risk
factor for cardiovascular disease.
3. The effects of exercise were cumulative, that is there will be a greater BG
lowering effect on the second consecutive day of exercise than on the first day.
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4. Three 15-minute bouts of brisk walking would be likely to produce consistent
adherence in adults with T2D than setting aside a 45-minute block of time for
brisk walking.
5. At one-month follow up, participants would routinely perform more post-prandial
aerobic walking following their experience in the study and learning how exercise
impacts their BG.
Delimitations
Adults diagnosed with T2D within the past 5 years who are not taking medication for the
management of their diabetes were recruited from the Charlotte, NC region.
Advertisements in local papers, billboards, websites, and diabetes clinics were invited
interested individuals to contact the researcher. All participants tested BG levels with a
LifeScan Verio IQ BG meter, and steps for all participants were measured with an Omron
pedometer. The LifeScan Verio IQ BG meter was proven reliable is a study conducted by
Bellary et al. (2012). Their diabetes physicians gave them medical clearance to
participate in the study. Subjects were included in the study if they were:


Between the ages of 25 and 75



Diagnosed with T2D within the past five years of the study



Not taking medication for their diabetes management



Capable and willing to measure BG 8/day for six experimental days



Not involved in regular physical activity (i.e., fewer than two 20-min bouts of
exercise per week during the previous 6 months).



Capable of walking 2.7 miles in 45 minutes, i.e.~3.5 miles/hour
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Given approval of their diabetes physician to participate.

Limitations
The study was limited by the following:
1) Researcher could not control for the honesty of the answers provided by
participants during the 24-hour dietary recall.
2) Subjects likely walked different courses throughout the day.
3) Courses were not controlled in terms of level of difficulty.
4) Subjects occasionally had difficulty achieving the minimum walking speed
needed for aerobic walking at the speed required for the entire 45 minutes.
Definition of Terms
For the purpose of this study, the following terms are operationally defined:
Aerobic walking. Walking at a speed of three mph for a period of no less than 10
minutes; as determined by the Centers for Disease Control and Prevention (CDC, 2011).
Postprandial exercise. For the purposes of this study, postprandial is
operationally defined as exercise conducted after eating a meal (DiPietro, Gribok,
Stevens, Hamm, & Rumpler, 2013).
Palatability. Palatability is operationally defined as the extent to which one
program is preferred over another. Additionally, it alludes to the likelihood that the
subject will continue with the program after the study.
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Chapter 2
Review of the Related Literature
Introduction
According to TODAY Study Group (2007), T2D is a metabolic disease
characterized by insulin resistance. As a result, the body is unable to breakdown glucose,
the main fuel source for the body. Traditionally, there have been three methods of
treatment for T2D including diet modification, increased physical activity, and insulin
therapy. People with T2D should avoid foods that are high in fat and that consist of
simple carbohydrates. They should choose foods that are high in fiber and complex
carbohydrates such as whole grains, fruits, and vegetables suggests Bogardus et al.
(1984). Physical activity has been shown by Boule, Haddad, Kenny, Wells, Sigal (2001)
to help with blood glucose control by reducing insulin resistance. Insulin therapy is
considered the final step in the treatment of T2D and is only recommended when lifestyle
modifications are not adequate in the management of the disease states Swinnen,
Hofkstra, & DeVries, (2009). Modest weight loss has also been shown to improve insulin
resistance and therefore should be a goal in the management of T2D by Sigal, Kenny,
Wasserman and Castaneda-Sceppa (2004).
Effects of Diet on Type 2 Diabetes
Diet modification is the first step in the process of achieving healthy weight loss.
Weight loss for persons with T2D is important because it improves insulin sensitivity and
can help with glucose control inanition to reducing triglycerides, lower cholesterol and

7
blood pressure, but when it comes to diabetes the focus is not just on weight loss. A
nutritionally balanced diet low in fatty foods and high in complex carbohydrates and fiber
make a significant beneficial impact on a person suffering from T2D American Diabetes
Association (ADA, 2008).
Weight reduction of 5-10% leads to improvements in serum glucose and insulin
levels as well as reducing mortality rates of people with T2D according to Heymsfield et
al. (2000). It is important to make sure that healthy diets are maintained. Extreme or crash
diets tend to do more harm than good. An effort should be made to consult with a
physician or registered dietitian to ensure patients are consuming sufficient calories and
nutrients.
Carbohydrates and Fiber
Carbohydrates are utilized by the body as the primary fuel source and are
essential in a healthy diet. The challenge comes from determining the difference between
the healthy carbohydrates and the unhealthy. Simple carbohydrates are found in refined
sugar and provide very little nutritional value. They are easily broken down by the body
very quickly causing blood glucose levels to rise quickly. Complex carbohydrates are
richer in fiber, vitamins and minerals; they are broken down much slower in the body
producing a gradual rise in blood glucose (TODAY Study Group, 2007). Counting
carbohydrates can be a key strategy in controlling blood glucose levels, 130 grams of
carbohydrates are recommended for a typical person every day. No evidence has been
shown that a person with diabetes needs to consume less than 130g/day. It is believed to
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be beneficial for the carbohydrates ingested be complex in nature. Fiber is important for
diabetics because it helps to delay glucose absorption, which helps to control blood sugar
levels (Bogardus et al. 1984). A goal for people with T2D should be to ingest the intake
goals for the general population of 14g/1000kcals (ADA, 2008).
Dietary Fat and Cholesterol
It is suggested by TODAY (2007) that avoiding high fat foods and limiting
cholesterol are necessary for a healthy T2D diet. When it comes to dietary fat, it is
important to make the distinction between the different types of fat. Delahanty et al.
(2012) suggests that Tran’s fats and saturated fats should be avoided, should make up less
than 7% of total calories. Dietary fats should consist of mono and polyunsaturated fats,
but should not exceed 20-35% of caloric intake according to ADA (2008).
Atherosclerosis is defined by the National Heart Lung and Blood Institute (2011) as the
buildup of plaque in the arteries that deliver oxygen rich blood to the heart and other parts
of the body. The consumption of large amounts of dietary fats has been shown to increase
the likelihood of atherosclerosis in the general population (Weintraub, 2002). In
populations of type 2 diabetics there is an increased risk of developing atherosclerotic
diseases, including coronary heart disease, peripheral arterial disease, and
cerebrovascular disease according to Watson, Peters, and Matson (2003). The effect of
exercise on diabetes and other related illnesses is extreme.
Effect of Exercise on Diabetes
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Physical activity is extremely important in the prevention and treatment of T2D.
Physical activity has been shown to improve glucose control by reducing insulin
resistance and reducing body fat as is shown in Bacchi et al. (2012). Benefits from
increased physical activity are seen immediately and are cumulative. Aerobic exercise
can be used to reduce postprandial insulin levels, if done during a sustained bout of
exercise or broken up into multiple bouts (DiPietro et al., 2013). Because the effect of
exercise is cumulative people, who are extremely obese and could not walk for 45
minutes at one time can take several small walks throughout the day to achieve the same
or better results. Physical activity plays an important role in weight management, which
is particularly important for people with type 2 diabetes. Increased physical activity leads
to greater caloric expenditure resulting in a decrease in body weight when the total
caloric expenditure is greater than the caloric consumption (Harvard School of Public
Health, 2013).
Aerobic Exercise in Diabetes
It is recommended that people with T2D participate in a minimum of 30 minutes
of moderate to vigorous physical activity at least five days a week (Colgerg et al., 2010).
Aerobic exercise including brisk walking, jogging, biking, and swimming have been
shown by Niu, Yuan, and Fu (2010) to reduce insulin resistance and stimulate the
breakdown of blood glucose. The benefit to the cumulative effect of aerobic exercise is
twofold. It eliminates the excuses that are used to justify not exercising and has been
shown to have a greater impact on 24-hour blood glucose concentrations (Hu et al.,
1999). When broken up into multiple bouts per day, exercise has more opportunities to
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keep up with carbohydrate consumption. Therefore, exercise is more effective when
looked at over 24 hours. A onetime bout of prolonged aerobic exercise will result in a
greater usage of calories and will increase glucose breakdown and not affect anything
ingested after the workout (Maiorana et al., 2001). To get the greatest response from
aerobic exercise it should be done at an absolute intensity of three METs according to
DiPietro et al. (2013). Depending on how deconditioned the individual any increase in
physical activity will be beneficial.
Combined Resistance and Aerobic Exercise in Diabetes
Enhanced glucose uptake has been shown in T2D populations after implementing
a combined program consisting of aerobic and resistance training (Zacker, 2005). Higher
physical activity levels seen in combination programs lead to a reduced risk of
developing T2D as well as an increase beneficial response according to Eizadi, Bagheri,
Kasparast, Zahedmanesh, and Afsharmand (2012). Resistance training has similar effects
on populations with T2D in that it improves insulin sensitivity and reduces abdominal fat,
which impairs glucose uptake (Bacchi et al. 2012). Resistance training is most effective
when conducted three times a week on nonconsecutive days at an intensity of 75-80% of
1-RM according to Colgerg et al. (2010). Greater weight loss is seen with a combination
of aerobic and resistance training than is seen with either mode individually; this is
important because increased weight loss aids in glucose homeostasis likely do to
improvement in adipocyte-secreted cytokines (Cuff et al., 2003).
Conclusion
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The first two steps that should be taken in the treatment of T2D are improved diet
and increased physical activity. Proper nutrition has been shown to aid in weight loss,
which improves insulin sensitivity. In addition to weight loss, a proper diet means that
people with diabetes are getting the right amount of complex carbs and high fiber foods
while avoiding high fat foods (Delahaty et al., 2012), all of which will aid in blood
glucose homeostasis. However, diet alone can only do so much. For the most effective
and longest lasting results, diet needs to be paired with increased physical activity as
shown by Bogardus et al. (1984). Exercise is known to reduce insulin resistance and aid
in weight loss leading to countless benefits (Boule et al., 2001). It is important to note
that the positive effects of diet and exercise only last as long as the modifications are
maintained, and, so, the emphasis should be put on lifestyle modification rather than
quick fixes.
Diet modifications should be considered a first step for the diabetic population.
The interesting question is how does physical activity fits in to the treatment of T2D.
Increased physical activity levels have been shown and are commonly known to be
beneficial to all populations including and especially diabetic populations (Colgerg et al.,
2010). Should persons “suffering” from T2D participate in aerobic exercise, resistance
training or a combination of both? In a perfect world, every one with T2D would exercise
at least 30 minutes at a moderate to vigorous intensity every day of the week and
alternate between aerobic exercise and resistance training, but it is important to consider
the population. Typically, individuals diagnosed with T2D are overweight, sedentary
individuals with a very poor diet. As a result, the individual may be inclined to only
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consider insulin therapy as a means of treating the T2D, because insulin therapy does not
require an immediate and complete lifestyle change. Diet modification alone will be a
huge transition for individuals initially, and the idea of that combined with suddenly
jumping into a level of physical activity they have not experienced in years will seem like
a daunting task.
Patients with T2D should be progressed gradually into lifestyle modifications,
starting with improved diet. It is important to start physical activity as soon as possible,
but it will be important to determine the most palatable approach to the individual.
Aerobic exercise while intimidating to some is far less so than going into a gym and
picking up a barbell. Aerobic exercise can be done anywhere at any time and has the
added benefit of having cumulative effects in the body as is shown in the study conducted
by DiPietro et al. (2013), because of this it should be the first form of activity added in
the treatment of T2D.
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Chapter 3
Methods and Procedures
Introduction
A recent hospital-based study DiPietro et al. (2013) demonstrated that 45 minutes
of aerobic walking, whether done in three 15 minutes bouts after meals or in a single
dose, similarly and significantly lowered 24-hour blood glucose (BG) among adults atrisk for developing type 2 diabetes (T2D). Exercise performed after meals, however, led
to significantly lower post-prandial BG, a risk factor for cardiovascular disease. The
reported pilot study replicated and extended this investigation to: 1) adults with T2D, 2)
during their daily routine, 3) while documenting personal preference for and performance
of the two types of physical activity. This involved a cross-over design where three
subjects recently diagnosed with T2D collected 7-point self-monitoring of blood glucose
(SMBG) readings during two consecutive days when engaging in no aerobic walking, 15
minutes of such walking after the three daily meals or a single 45 minute dose of walking
after supper, in a randomized order while controlling for net carbohydrates consumed.
Findings from this pilot study have the potential of immediately and significantly
impacting the lives of those with T2D and those caring for patients with T2D.
Subjects
Three adults diagnosed with T2D within the past five years, who were not taking
medication for the management of their diabetes, were recruited from the Charlotte NC
region. Advertisements in local fitness centers, websites, and diabetes clinics invited
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interested parties to contact the researcher. As an incentive for participation, all
participants received a sophisticated pedometer (Omron Hj-323U), a LifeScan Verio IQ
BG meter Milpitas, CA), and information about how brisk walking impacts their BG for
completion of all data. Their diabetes physicians were required to give them medical
clearance to participate in the study. Subjects were included in the study if they were
(Appendix D):


Between the ages of 25 and 75.



Diagnosed with T2D within the past five years.



Not currently taking medication for their diabetes management.



Capable and willing to measure BG 8/day for six experimental days.



Not involved in regular physical activity (i.e., fewer than two 20-min bouts of
exercise per week during the previous 6 months).



Capable of walking 2.7 miles in 45 minutes, i.e. ~3.5 miles/hour.



Given approval of their diabetes physician to participate.
Hypotheses. This study investigated:
1. If 45 minutes of brisk walking in the natural environment was more effective than
no moderate physical activity in terms of lowering 24 hour BG levels, a risk
factor for diabetic complications.
2. Compared to a 45-minute block of brisk walking, three 15-minutes of postprandial brisk walking resulted in lower post-prandial BG, a presumed risk factor
for cardiovascular disease.
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3. The effects of exercise was cumulative, in that is there was a greater BG lowering
effect on the second consecutive day of exercise than on the first day.
4. Three 15-minute bouts of brisk walking are more palatable to adults with T2D
than setting aside a 45-minute block of time for brisk walking.
5. At one-month follow up participants routinely performed more post-prandial
aerobic walking, rather than blocks of 45 minutes of brisk walking, following
their experience in the study and learning how exercise impacts their BG.
Overview
While wearing a sophisticated pedometer for 96 hours (Omron, HJ-323U)
monitoring BG 8/day and performing a 48-hour recall of all foods eaten on test days for
nutritional analyses. Three adults not taking medication in the management of their T2D
were block randomized to perform no aerobic walking, 15 minutes of aerobic walking
starting 30 minutes after completing all three meals, or 45 minutes of aerobic walking in
a single block of time. Each condition was separated by one week. One month following
completion of this study, participants were telephoned and queried as to which activity
they prefer and how many times in the previous seven days, they either took a 45-minute
aerobic walk or walked for 15 minutes post-prandial. While controlling for net
carbohydrates consumed and aerobic steps taken, the three conditions were compared in
terms of post-prandial BG spikes and overall BG.
Procedure
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After the study received IRB approval (Appendix A), subject recruitment began.
Interested parties were telephoned, informed of the study requirements, and were
screened for inclusion criteria, Telephone Screening Interview. Qualified and interested
individuals came to the convenient meeting place. At that consent session meeting,
participants read, reviewed and signed an IRB-approved informed consent form
(Appendix B). Participants were then taught how to accurately use the LifeScan Verio
IQ BG meter, how to wear the Omron pedometer, and how to complete a data sheet
which included BG levels and food and drink consumed as seen in appendix G. In
addition, they were instructed on what constitutes a brisk/aerobic walk, walking 3.5 mph
as determined by the Centers for Disease Control and prevention (CDC, 2011). This was
reinforced in three ways. First, they walked on a Woodway Desmo-s treadmill
(Waukesha, WI) at 3.5 miles/hour to give them the experience of what constitutes a
“brisk walk”. Second, they walked a mile at this rate. If they were unable to walk a mile
in 20 minutes, they were excluded from the study. Third, the pedometer provided a
readout of number of aerobic steps and aerobic steps/minute. Finally, participants
completed the “Typical” Test Day form, which allowed them to identify the optimal days
to execute the study given their schedule. Participants left the Consent Session with all
forms and equipment necessary to complete the study.
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Table 1

TS

CI

AS

Day 3
TS

CI

Day 4
AS

TS

Consistent

Day 1&2
AS

Consistent

Consistent >4,500 >9,000

<6,000

Consistent <100 <6,000

Consistent >4,500 >9,000

Consistent >4,500 >9,000

<100

Consistent <100 <6,000

Consistent >4,500 >9,000

<100 <6,000

Consistent <100 <6,000

CI

Experimental Design

Variable

Control
PostPrandial
45 Min.
Block
Note. CI= Carbohydrate Intake; AS= Aerobic Steps; TS= Total Steps.
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Testing Days. Each condition spanned a 4-day period. The first two days only
involved wearing the pedometer, to ensure that there was no significant physical activity,
since aerobic activity can impact metabolism and insulin resistance for up to 48 hours
(Zacker, 2005). If the pedometer readings exceeded the maximum of 6,000 steps or 100
aerobic steps, days one and two were repeated. Experimental data were collected during
days three and four, allowing researchers to document whether there was a cumulative
effect of physical activity (Hypothesis 3). Participants measured their BG twice on seven
occasions: immediately before and two hours after three meals and again at bedtime. If
the two BG readings were not within 10 points of one another, participants took a third
reading, and the two closest readings were averaged. This addressed measurement error
of the BG meter. Additionally, participants recorded all food and drinks consumed that
day. Participants wore their pedometer from the time they woke up until they went to
bed. At the end of each day they recorded total steps, aerobic steps and steps/minute in
the data sheet provided (Appendix H).
Testing conditions. There were three test conditions during days three and four:
Control, 15-minute Post-Prandial and 45-minute Block. In all three conditions,
participants were asked to keep their diet consistent and keep a food diary (see Data
Sheet, Appendix H). The only restriction was that no food or sugary drinks could be
consumed after the meal and before the two-hour post-prandial BG recording. At the end
of the study participants’ pedometers and BG meters were downloaded, and these data
were used to validate/correct data recorded on the Data Sheets.
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During the Control condition participants were asked to keep their number of
steps < 6,000 a day and their aerobic steps to <100 a day, as quantified by the Omron
pedometer. BG data were collected starting pre-breakfast on day three and end at
bedtime day four.
During the 15-minute Post-Prandial and the 45-minute Block conditions,
participants were instructed to keep their steps to >9,000/day which includes >4,500
aerobic steps. This was achieved in the Post-Prandial condition by walking for a
continuous 15 minutes briskly, starting 30 minutes after completing each meal, when
absorption of glucose into the small intestine is anticipated to begin.
For the Block condition, participants began their aerobic steps >two hours after
starting their evening meal of day two so this impacted BG readings during day three.
The evening walk during day three should impact BG during day four. Thus, BG
recordings began at bedtime on day two and conclude two hours post dinner on day four.
See Figure 1. The Post-Prandial and the Block walking courses were not be the same,
since the Block course was not available following each meal.
Participants wrote down all food and drinks consumed during day three and four
(see Data Sheet). Within 24 hours following day three, the researcher called the
participant and coded all food eaten and drinks consumed during day 3 and 4 for
nutritional analysis using the ASA 24 Hour Dietary Recall (see Equipment below). The
pedometer and BG meter was downloaded within 10 days, and these recorded readings
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were compared to the diary entries for accuracy. Where there was a discrepancy, the
downloaded data was presumed accurate and used for data analyses.
Follow-up. At the conclusion of the study, participants were asked which form of
aerobic walking they preferred. At the one-month follow up, participants were asked
how many times they performed 15 minutes of post prandial walking and how many
times they performed a 45 minute block of aerobic walking within the last seven days.
Equipment
LifeScan. Verio IQ BG meter (LifeScan, 2014): LifeScan donated 12 meters and
strips to this project. This meter is highly accurate and exceeds the International
Organization for Standardization accuracy criterion of 95% of measurements being
within ±0.85mmol/L of reference values and is easy to use. Its memory stores 750
readings; date/time of entry and whether the user coded the reading as pre or postprandial or other, which was critical for this study.
Omron. The Omron HJ-323U Multi-Function Downloadable Pedometer (Omron,
2012) accurately records total steps, aerobic steps, steps/minute during aerobic steps,
distance traveled and calories expended. The pedometer was personalized, requiring the
input of the user’s stride length, height and weight. It will be worn on a belt/waist band
or kept in a pants pocket. It has a two-week downloadable memory. This allowed
researchers to track total activity and aerobic steps taken during experimental days.
Omron defines aerobic walking as; “walking more than 60 steps per minute for more than
10 minutes continuously. If a rest of less than 1 minute is taken after a continuous walk
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for more than 10 minutes, this was regarded as part of a “continuous walk” (Omron,
2012, p.6)
Automated Self-Administered 24-hour Dietary Recall (ASA24). Extensive
evidence has demonstrated that 24-hour dietary recalls provide the highest quality, least
biased dietary data (Subar et al., 2012). Traditional 24-hour recalls, however, are
expensive and impractical for large-scale research because they rely on trained
interviewers and multiple administrations to estimate usual intakes. As a result,
researchers often make use of food frequency questionnaires, which are less expensive
but contain substantial error.
To address this challenge, investigators at National Cancer Institute (NCI) created
the Automated Self-administered 24-hour Recall (ASA24) system, a web-based tool that
enables multiple automated self-administered 24-hour recalls. ASA24 was developed
under contract with Westat, a social science research firm located in Rockville, MD, and
builds on the Food Intake Recording Software System (FIRSSt) developed by Dr. Tom
Baranowski of the Baylor College of Medicine. An External Working Group provided
advice about the needs and interests of potential users (Subar et al., 2012).
ASA24 is based on research that has been found valid and has been shown to be
accurate at determining total caloric intake and determining breakdown of macronutrients
(Subar et al., 2012). It allows researchers and subjects to monitor 24-hour caloric intake
for research or educational purposes. For reliability purposes, all dietary data entry into
the ASA was performed by the Research Assistant. Researchers extracted total grams of
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carbohydrates and fiber eaten each experimental day. Since fiber is a non-digestible
carbohydrate, our primary variable was Net Grams of Carbohydrates (total grams of
carbohydrates – total grams of fiber).
Data Analysis
Manipulation checks. While the primary variable for this study was the 7-point
BG profiles, this study was premised on whether participants engaged in the appropriate
amount (4,500 steps) and intensities (>108 steps/aerobic minute) of physical activity
during the two experimental conditions and not during the control condition (see Table
1). Therefore, researchers compared aerobic steps and aerobic steps/minute taken during
the Block and the Post-Prandial conditions. If the manipulation was successful, these
should be statistically equivalent. However, these should be statistically significantly
different from the Control condition. If a subject’s pedometer did not demonstrate such
differences when turning in the pedometer, the subject would have to repeat the deviant
condition. It was assumed that a similar amount of net carbohydrates was consumed
during the six experimental days.
Primary analyses. Due to the limited number of subjects that participated in this
pilot study, data were analyzed by descriptive statistics only.
To test Hypothesis 1, subjects were required to track BG levels eight separate
times throughout the day on the data sheets provided for all testing conditions. Upon
completion of the data collection, researchers looked at the Mean 24 BG levels for all
subjects with respect to the Control testing days and the 45-minute block testing days.
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To test Hypothesis 2, after data were submitted researchers compared the Mean
post-prandial BG levels of all subjects with respect to the 45-minute continuous aerobic
walking condition and the three bouts of 15 minutes of continuous aerobic walking for
each meal.
Secondary analyses. To test Hypothesis 3, because subjects were required to
perform the tests on two consecutive days, researchers were able to compare the Mean 24
hour BG levels from day one to day two for both the 45-minute continuous aerobic
walking condition and the three bouts of 15 minutes of continuous aerobic walking
condition.
To test Hypothesis 4, subjects were required to report their preference after the
study. All subjects indicated a preference for 15-minute post-prandial exercise bouts over the
single 45-minute block of walking. No analysis was performed.

To test Hypothesis 5, Subjects were required to report the number of times they
performed either 15 minutes of post-prandial continuous aerobic walking or 45 minutes
of continuous aerobic walking over the most recent seven-day period. No analysis was
performed.
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Chapter 4
Results
Aerobic exercise has two beneficial properties for people with T2D: 1)
temporarily reduces insulin resistance (Niu, Yuan & Fu 2010) and 2) lowers blood
glucose in the absence of effective insulin action (Eizadi et al., 2013). Therefore, aerobic
exercise has the potential of being a powerful “medicine” in the self-treatment of those
with T2D.
The biggest barrier to the use of aerobic exercise in the management of T2D is
compliance, for a variety of reasons. Consequently, it is important to be able to identify
the minimal, most palatable and most effective “dose” of this intervention to optimize its
routine use.
A recent, innovative, and exquisitely controlled study (Dipietro et al., 2013)
investigated timing and “dose” of aerobic exercise with seniors at-risk for developing
T2D. They evaluated the metabolic benefits of 45 minutes of brisk walking when
performed in one block of time or when divided into three 15-minute “bouts." Using a
within subject design, their 10 subjects wore continuous BG monitors for three 48 hour
periods spent in a whole-room calorimeter. The first 24 hours of each trial was a control
period with no moderate physical activity, while during the second 24 hours the
experimental periods where participants walked on a treadmill, set at an absolute
intensity of three METs. At 10:30h, 16:30h or 30 minutes after each meal. Standardized
meals (32 kcal/kg/day: 53% carbohydrate, 31% fat) were provided for subjects by a
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metabolic kitchen. They found that: 1) aerobic exercise led to lower BG than no
exercise, 2) the BG lowering effects of a 45-minute bout of aerobic exercise was
equivalent when done mid -morning or mid-afternoon, 3) there was a greater postprandial BG lowering effects when the 45 minutes of exercise was divided into three 15
minute dose done 30 minutes after meals.
The proposed study added to DiPierto et al., (2013)’s findings by investigating the
effects of timing and duration of aerobic exercise in the natural environment, with adults
on no medication in the management of T2D, assessing both palatability and impact on
BG control.
Results by Hypotheses
Hypothesis 1 stated that 45 minutes of brisk walking in the living and working daily
environment was more effective than no moderate physical activity in terms of lowering
average 24 BG levels.
As illustrated by Figure 1, 45 minutes of physical activity performed once a day,
lowered 24-hour average blood glucose levels for two out of the three subjects tested. For
all three subjects, the mean BG for the no exercise and exercise days was 119.7 and 114.5
mg/dl, respectively.
Since BG is a function of energy input (net carbohydrates eaten) and energy
expenditure (physical exertion), hypothesis 1 can also be assessed when controlling for
energy input by dividing BG by total net carbohydrates. Figure 2 compares the two
conditions when controlling for net carbohydrates by dividing average blood glucose by
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average net carbohydrates. Figure 2 is controlling for net carbohydrates did not change
the result. Again, subjects 1 and 2 showed the benefits of aerobic walking for 45
minutes. Because of this, the remaining result will not control for net carbohydrates.
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Figure 1. 45-min Block vs. Control 24 Hour BG Averages Average 24 hour blood
glucose levels during control and 45minute testing conditions. Control= no aerobic
walking, 45 min= a single block of continuous aerobic walking for 45 minutes no
sooner than two hours after the subjects last meal.
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Figure 2. 45-min Block vs. Control 24 Hour BG Averages-Controlled for Net
Carbs Average 24 hour blood glucose levels during control and 45minute
testing conditions when net carbohydrates are controlled for. Control= no
aerobic walking, 45 min= a single block of continuous aerobic walking for 45
minutes no sooner than two hours after the subjects last meal.
Hypothesis 2 stated that compared to a 45-minute block of brisk walking, three fifteen
minute bouts of post-prandial brisk walking would result in lower post-prandial BG, a
presumed risk factor for cardiovascular disease.
As illustrated by Figure 3 the hypothesis was supported in six of the nine mealsnot true after two lunches and one dinner.
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Figure 3. Post-Prandial BG levels 45-min. Block vs 15-min Bout BG levels
following each meal when comparing the three 15 minute bouts of aerobic
walking to a single bout of aerobic walking lasting 45 minutes. Post-P15= BG
levels after a given meal when performing the three bouts of 15 minutes of
continuous aerobic walking, Post-P 45= BG levels after a given meal when
performing the 45 minutes of continuous aerobic walking. B= breakfast, L=
lunch, D= dinner
Hypothesis 3 stated that the effects of exercise will be cumulative, that is there will be a
greater BG lowering effect on the second consecutive day of exercise than on the first
day.
As hypothesized, a “carry over” effect for exercise seems to be evident. That is,
to say the effects of exercise seem to be cumulative, with lower BGs on day two
compared to day one. As illustrated in Figure 4, for four out of the six days this was true.
For one day the opposite was observed (subject 101, 45min condition), and for another
day there was no change (subject 102, 15 minute condition).
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Figure 4. Carry over Effect the cumulative effect of exercise on BG levels, when
exercise is performed on two consecutive days. 45 min-1= the first of the two
consecutive days of performing a single block of 45 minutes of continuous
aerobic walking, 45 min-2= the second of the two consecutive days of performing
a single block of 45 minutes of continuous aerobic walking, 15 min-1= the first of
two consecutive days of performing 15 minutes of continuous aerobic walking
after each meal, 15 min-2= the second of two consecutive days of performing 15
minutes of continuous aerobic walking after each meal.
Hypothesis 4 stated, three 15-minute bouts of brisk walking are more likely to produce
consistent adherence in adults with T2D than setting aside a 45-minute block of time for
brisk walking. Subjects were contacted one month following the completion of the study,
and asked which duration of exercise they preferred and how many times in the last seven
days, they had performed either form of exercise. All three subjects reported a preference
toward the three 15 minute post-prandial exercise bouts over the single 45-minute bout of
walking. Subject 103 stated that the 45 minute block was pushing the threshold of what
he could comfortable do at the required speed.
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Hypothesis 5 state that at one month follow up, participants would routinely perform
more post-prandial aerobic walking following their experience in the study and learning
how exercise impacts their BG.
As illustrated in Figure 5, one month after the study was completed all subjects
were walking more often after meals than in a larger block of time at some point in the
day. On the assumption that individuals walk exactly 15 minutes after meals and 45
minutes during block sessions, the data suggests that the group accumulated 495 minutes
of block walking and 555 minutes of post meal waling.
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Figure 5. Post-Study Retention Number of times a subject performed either the
single block of 45 minutes of continuous aerobic walking or 15 minutes of
continuous walking after meals. 45 min. Block= performing a single block of 45
minutes of continuous aerobic walking, 15 min. Bout= 15 minutes of continuous
aerobic walking.
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Chapter 5
Discussion
This thesis was a feasibility study, successfully demonstrating the possibility of
systematically evaluating the relative potential benefits of 45 minutes/day of aerobic
walking, whether it was done in three 15-minute periods after meals when blood glucose
of adults with T2D should be rising or in a single block at least two hours after any meal.
Because only three subjects from the same community participated in this study, these
findings do not have external validity, which they cannot be comfortably generalized to
other adults with T2D. The limited number of subjects also means that this pilot study
lacks significant internal validity.
It is important to note that once subjects completed the consent process, they were
all very cooperative in complying to the study protocol, promptly and thoroughly
executing the study. There were no gaps in data. This was impressive since each subject
was asked to measure BG levels a minimum of 16 times a day, and on 25% of these
measurements the subjects measured their blood glucose a third time, as prescribed by the
protocol, because their initial blood glucose readings were more than 10 mg/dl apart.
This finding is important, and talks to the unreliability of self-blood glucose monitoring
which directs millions of individuals to manage their diabetes, frequently used to adjust
insulin levels.
Hypothesis 1 predicted whether a 45-minute block of aerobic walking would
lower the subsequent 24-hour mean blood glucose levels. This was confirmed by subject
101 and 102, and the effects were even more evident when controlling for the grams of
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net carbohydrates eaten that day. Interestingly, the only subject who did not demonstrate
this effect was, subject 103. What makes subject 103 different is that he was taking the
blood glucose medication Metformin. Braun et al. (2008) reported that Metformin alone
may decrease functional performance, with reductions evidenced in peak ventilation,
exercise duration, peak heart rate, and peak VO2. While accounting for net carbohydrates
consumed illustrated the effect of exercise on 24 hour BG levels it did not impact the
results of the data and therefore was not tracked on any further figures.
Hypothesis 2 predicted whether walking aerobically for 15 minutes after each
meal was more effective at lowering post prandial BG levels than walking once a day for
45 minutes. This hypothesis was confirmed in six of the nine meals eaten. When
reviewing the diet analysis, it was seen that the meals where the 15-minute post-prandial
condition was less effective than the 45-minute condition coincided with the largest meal
that the subject ate that day. The average caloric intake across all subjects on control days
was 1357.50 kcals, whereas the average caloric intake on test days that included aerobic
walking was 1442.46 kcals.
After speaking with the subjects following the study and reviewing their dietary
data it was apparent that their dietary habits differed with the testing condition they were
performed. When the subjects performed the control condition, with no aerobic walking,
they unconsciously kept their consumption lower with regard to carbohydrate and total
caloric intake. The lower carbohydrate and caloric intake during the control condition
was in direct contrast to the testing conditions that required aerobic walking. When asked
about the increased intake levels each subject stated they had not intentionally consumed
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more. This tendency played a direct role in the daily BG control of diabetics and merits
its own research, i.e. during periods of increased exercise to individuals consume more
carbohydrates. While this may have real survival benefits, it counter-acts the potential
benefits of exercise for those managing diabetes.
Hypothesis 3 predicted the cumulative effect of exercise between two consecutive
days. It states that the observable effect was greater on the second day of exercise than
was witnessed on the first day. It was shown that there was a consistent cumulative effect
to consecutive days of exercise. A strong majority of testing day suggested improvement
from one day to the next. This is a strong link between frequent and consistent exercise
and lowered average BG levels in diabetics. As can be seen in Figure 4 four out of the six
days a cumulative effect was witnessed by the subjects.
For subject 101 during the 45-minute single dose testing condition the opposite
effect was witnessed. The increase in BG on the second day of 45 minute testing could be
due to a total caloric intake content of 1080.64 on the first day of testing and a total
caloric content of 1146 on the second day of testing. Subject 102 showed an elevated BG
on the second day of testing for the 15-minute post-prandial testing condition. This is
interesting because this subject reported being sick that day and so the total caloric intake
for the second day was 693.57 as compared to 1384.94 on the first day of testing.
Looking at the caloric content the result was not what would be expected; however
considering, that an error rate of 25% of BG readings the glucometer during this study.
The issue could potentially be attributed to errors in technology; however, without further
research this claim cannot be substantiated.
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Hypothesis 4 predicted the palatability of 15 minutes of post-prandial aerobic
walking over a single 45-minute bout of aerobic walking once a day. All subjects
indicated a preference towards the repeated 15-minute post-prandial condition. This
showed that if rather than being told to get out and exercise, people with diabetes were
specifically told to aerobically walk for 15 minutes after each meal; the compliance rate
of exercise may be much higher.
Subject 101 indicated an appreciation for both exercise conditions. When asked to
select a condition that was most favorable. The 15-minute testing condition was decided
to be the most favorable method of aerobic walking for the subjects. The reasoning for
this was because subject 101 noticed lower BG levels and wanted to take an initiative
over his diabetes. Subject 103 stated that the 45-minute block of exercise pushed the
limits of what they could comfortably complete under the restrictions and requirements
provided for this study.
Hypothesis 5 predicted the performance of physical activity after the study was
completed. It was hypothesized that subjects would be more likely to continue with the
15-minute post-prandial approach for controlling 24-hour BG levels rather than the 45minute block of aerobic walking. It was believed that this would be because the shorter
duration of the exercise would make it far more palatable to the subjects over a longer
bout of exercise.
As can be seen from Figure 5 the subjects overwhelmingly reported performing
the 15-minute post-prandial aerobic walking over the 45-minute block. Each subject
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reported performing both 15-minute post-prandial aerobic walking and single blocks of
aerobic walking within the last seven days one month after the study was concluded. This
was a very impressive result because it means that the previously sedentary subjects not
only gained appreciation for a single exercise modality but for increased exercise in
general. This suggests that if doctors can get patients to begin an exercise routine and be
committed to it for at least two weeks while receiving feedback that the exercise is
working, i.e. reducing blood glucose, they will be far more likely to retain the lifestyle
change.
Conclusion
These results of this study demonstrate the procedures are feasible to employ in a
larger randomized clinical trial, which the control procedures of multiple blood glucose
measurements at a single event are essential and the use of a 24-hour food recall is
necessary for accurate and understandable results. It also indicates that such a larger
study is likely to find significant results. It further suggests that such studies might want
to control for the different medications for T2D during testing. If such studies can
replicate that individuals with T2D are more likely to prefer and engage in brief postprandial aerobic walking and if this brief exercise lowers post-prandial blood glucose and
lower glycosylated hemoglobin, the standard measure of diabetic metabolic control, then
such findings could have major implications for the management of type 2 diabetes. The
reduction of diabetes complications and the saving of billions of health-care dollars
would have major impacts on the United States healthcare system.
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Researchers at Winthrop University are conducting a 3-week long
experiment, investigating the effects of brisk walking on blood sugar, when
done for 15-minute blocks after breakfast, lunch and dinner or one 45minute block not done right after a meal. You will
 Learn whether and how much brisk walking lowers your blood sugar
 Learn the best time to do brisk walking
 Contribute to a better understanding of blood sugar control and type 2
diabetes

 Study involvement
Participants will wear a pedometer and
measure their blood sugar under three
conditions:
 Two days when they do not do brisk
walking
 Two days when they do 15 minutes of brisk
walking 30 minutes after breakfast, lunch and dinner
 Two days when they do 45 minutes of brisk walking once 2-hours after a
meal

 To participate, you should:
 Have been diagnosed with type 2 diabetes in the past
5 years
 Be between the ages of 24 and 75 years
 Not taking medication or only taking Metformin
 Be able to do brisk walking, that is walking 3 miles an
hour, for 45 minutes

 All participants will receive:
 A free blood glucose meter

A free sophisticated pedometer
If interested,
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Please call Cory Cox at 434-465-0157 OR email coxc17@winthrop.edu
Type 2 diabetes study
434-465-0157
coxc17@winthrop.edu
Type 2 diabetes study
434-465-0157
coxc17@winthrop.edu
Type 2 diabetes study
434-465-0157
coxc17@winthrop.edu
Type 2 diabetes study
434-465-0157
coxc17@winthrop.edu
Type 2 diabetes study
434-465-0157
coxc17@winthrop.edu
Type 2 diabetes study
434-465-0157
coxc17@winthrop.edu
Type 2 diabetes study
434-465-0157
coxc17@winthrop.edu
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Telephone Screening Interview
Date: _________________ Subject No __________
Explain purpose of the study and what is involved if one chooses to participate.
If the individual is interested in proceeding, confirm inclusion/exclusion criteria
1.
2.
3.
4.
5.
6.
7.
8.
9.

Date of Type 2 Diabetes diagnosis: ______
Current treatment regimen: __ Lifestyle, ____ Oral Medication, ___ Insulin
Ability to walk 2.6 miles in 45 minutes __ Yes, ___No
Willingness to measure BG 8 times/day on six days __ Yes, ___ No
Wiliness to record food/drink intake for three test days: __Yes, ___ No
Willingness to wear a pedometer all day on nine days __ Yes, ___No
Willingness to secure PCP approval __ Yes, ___No
Willingness to come in on 4 occasions and take 4 or more telephone calls
In the past two weeks, how many times have you taken a:
a. Brisk/fast walk for 45 minutes or longer? ___
b. Brisk/fast, walk for 15 minutes or longer 30-60 minutes after eating? ___
10. If you knew that walking briskly for 15 minutes after breakfast, lunch and dinner
improves your blood glucose control as much as walking 45 minutes all at one
time. Considering your preference, schedule and physical fitness level which
would you be most likely to do:
a. __ Walking 15 minutes after meals.
b. __ Walking for 45 minutes all at once.
If “yes” to all but number nine, of the above question then collect contact information:
Name __________________________
Best telephone number: __________________________________________________
Alternate telephone number: _____________________________________________
E-mail address: _______________________________________________________
Best form of communication: ____________________________________________
Diabetes physician name and address:
_______________________________________________________
Personal address: _______________________________________________________
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Schedule Consenting visit
1. Give location/mail map
2. Bring comfortable closes and shoe to practice “brisk” walking on treadmill
3. Date of apt. __________ Time of apt. ______
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Physician’s Approval Letter
Dear Dr___:
Your patient _______ is interested in participating in a study on the effects of aerobic
walking on BG control among adults with type 2 diabetes. Your patient will record their
blood glucose and diet for six days. Two days while walking briskly for 15 minutes 30
minutes after each meal and two days while walking briskly for 45 minutes two hours
post-prandial, each group of test days will be preceded by a control day in which BG
levels will need to be recorded in the same fashion. You will continue to be responsible
for your patient’s medical care. If your patient is assigned to the routine care group, then
you will direct his/her diabetes care. We need your approval and affirmation documented
as indicated by your signature below that Mr/s. ___
 Has type 2 diabetes, diagnosed within the past 24 months,
 Is not currently taking any medication for the management of diabetes,
 Is sufficiently fit, as determined by an EKG or your clinical judgment, to
participate in moderate (walking 0.9 miles in 15 minutes) physical activity.
If you approve the patient’s participation in this study please sign the statement below
and return this signed document to the study team by faxing it to 434- 465-0157?
Sincerely,

Cory Cox, BS
I approve Mr. /s. ______________ participation in this study—IRB-HSR#:16293.
Print Name: ___________________
Date ___________

Signature: _____________________

Read on for more information about the study
While wearing a sophisticated pedometer for 72 hours, monitoring BG 8/day and
performing a 48 hour recall of all foods eaten on test days for nutritional analyses, 12
adults not taking medication in the management of their T2D will be block randomized to
perform no aerobic walking, 15 minutes of aerobic walking starting 30 minutes after
completing all three meals, or 45 minutes of aerobic walking in a single block of time.
Each condition will be separated by one week. One month following completion of this
study, participants will be telephoned and queried as to which activity they prefer and
how many times in the previous 7 days they either took a 45 minute aerobic walk or
walked for 15 minutes post-prandial. While controlling for net carbohydrates consumed
and aerobic steps taken, the three conditions will be compared in terms of post prandial
BG spikes and overall BG.
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Consenting Visit
Date____, Time: ____ Subject No _______
1.
2.
3.
4.
5.
6.
7.

Review, read and sign consent form
Complete demographic questionnaire
Personalize and demonstrate/instruct how to use pedometer
Demonstrate/instruct how to use BG meter
Complete “Typical” Test Day sheet
Instruct how to complete Data sheet
Explain what constitutes “brisk walking”, i.e. 2.6 miles in 45 minutes
a. Demonstrate brisk walking on treadmill
b. Do 1 mile brisk walk with pedometer
8. Schedule dates for data collection and return visit
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“Typical” Test Day
Subject No.________ Date: ___/___/___

Select three consecutive days of the week when you’re eating and level of physical
activity are consistent, that would be good days to do your three trials.
Sunday

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

When would you prefer to do your 45-minute walk?
10:30 AM__ _ 4:30 PM ___

Where and when could you do your 15-minute walks 30 minutes after Breakfast, lunch
and dinner on two consecutive days?

What and how much do you typically eat on that day for your:
Breakfast

Lunch

Dinner
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Data Sheet
Subject No: .________
Condition: __ No brisk walking, __15 min. brisk walking beginning 3o minutes after
each meal, __45 min brisk walk 2 hours after evening meal.
Remember:
1. Keep your test days as similar as possible
2. Keep your pedometer and BG meter someplace where you will see it the first
thing in the morning
3. Put your pedometer on when you get dressed in the morning
4. Fill out completely the data sheet
5. Wash your hands/fingers before each BG measurement
6. Use a timer (smart phone) to make sure your after-meal BG occurs 2 hours after
you started eating
7. No snacks/eating after each meal until after your 2hr BG measurement
8. Keep your BG meter with you.
9. Call me if you have any questions (434) 465-0157
Event
BG Pre Breakfast
Breakfast foods

BG 2hr post BKF
Snack
BG pre Lunch
Lunch foods

BG 2hr post Lunch
Snack
BG pre Dinner
Dinner foods
BG 2hr post Dinner
Snack
BG bedtime
Steps
Aerobic Steps

Day 1 Day 2 Day 3

Day 4
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Aerobic Step/min
Net Carbs

64
Appendix I

65
One-Month Follow Up Telephone Interview
Subject #: __________

Date: ________

Which physical activity program did you find most appealing?
__ Brisk walking for 15 minutes after meals
__ Brisk walking for 45 minutes at a single time

In the past 7 days, how many times did you do the following?
__ Walk briskly for at least 15 minutes after a meal
__ Walk briskly for at least 45 minutes sometime during the day?
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